Objective: The primary objective was to identify possible risk factors for delirium in patients with critical limb ischemia undergoing surgery. The secondary objective was to study the effect of delirium on complications, the length of hospital stay, health care costs, and mortality. Methods: All patients 65 years or older with critical limb ischemia undergoing surgery from February 2013 to July 2014 at Amphia Hospital, were included and followed up until December 31, 2014. Delirium was scored using the Delirium Observation Screening Scale (DOSS). Perioperative risk factors (age, comorbidity, factors of frailty, operation type, hemoglobulin, and transfusion) were collected and analyzed using logistic regression. Secondary outcomes were the number of complications, total hospital stay, extra health care costs per delirium, and mortality within 3 months and 6 months of surgery. Results: We included 92 patients with critical limb ischemia undergoing surgery. Twenty-nine (32%) patients developed a delirium during admission, of whom 17 (59%) developed delirium preoperatively. After multivariable analysis, only diabetes mellitus (odds ratio [OR] =6.23; 95% confidence interval [CI]: 1.11-52.2; P=0.035) and Short Nutritional Assessment Questionnaire for Residential Care (SNAQ-RC) 3 (OR =5.55; 95% CI: 1.07-42.0; P=0.039) was significantly associated with the onset of delirium. Delirium was associated with longer hospital stay (P=0.001), increased health care costs, and higher mortality after 6 months (P0.001). Conclusion: Delirium is a common adverse event in patients with critical limb ischemia undergoing surgery with devastating outcome in the long term. Most patients developed delirium preoperatively, which indicates the need for early recognition and preventive strategies in the preoperative period. This study identified undernourishment and diabetes mellitus as independent risk factors for delirium.
Introduction
Currently, delirium is a serious problem in vascular surgery. 1 Due to the aging of the population, the incidence of delirium will continue to increase among vascular patients.
The incidence rates of postoperative delirium vary between 2% and 72% depending on the type of surgery performed. 2 This wide variation is related to the issues of definition, differences in the diagnostic tools used, and the different populations studied.
Most of the studies concerning delirium focus on orthopedic or cardiothoracic surgery. 3, 4 Postoperative delirium is of major importance due to the many related adverse effects, such as prolonged hospital stay, decrease in functional status, increase in health care cost, morbidity, and mortality. [5] [6] [7] [8] [9] Delirium is a serious adverse event that is often unrecognized by medical practitioners. Most importantly, delirium is preventable in an estimated one-third of the cases with simple nonpharmacological interventions performed by dedicated nursing staff.
It is of major importance to identify patients at risk for delirium in order to initiate these preventive strategies in time. The identified risk factors after vascular surgery are age, previous major amputation, end-stage renal failure, and cognitive impairment. 9, [12] [13] [14] [15] Interestingly, Sasajima et al reported that patients with critical limb ischemia develop delirium more frequently compared to patients with intermittent claudication, 9 however, in their study, only patients with bypass surgery were included, and the sample size was small.
Critical limb ischemia is the most advanced stage of peripheral arterial disease in which revascularization is needed for limb salvage. 16 Limb amputation is the last treatment option when revascularization is no longer possible. This leaves the patient in a reduced functional status. 17 Moreover, serious systemic atherosclerosis increases the likelihood of adverse cardiovascular events leading to higher perioperative morbidity and mortality. 18 These factors contribute to the frail condition of patients with critical limb ischemia and puts them at risk for developing a delirium in a hospitalized setting. 12, 14, 19 Currently, information about the predisposing factors for delirium in patients with critical limb ischemia is lacking. Therefore, in this study, we analyze the incidence, perioperative risk factors, and the outcome of perioperative delirium in patients with critical limb ischemia undergoing surgery.
Patients and methods

Patient selection
A retrospective study on prospectively collected data was performed lasting from February 2013 to December 2014. This research was based on regular patient care, the medical ethical committee of the Amphia Hospital in Breda, the Netherlands, permitted this project and waived informed consent. All patients 65 years or older with critical limb ischemia undergoing surgery from February 2013 to July 2014 at Amphia Hospital, were included and followed up until December 31, 2014. Critical limb ischemia was defined as stage 4-6 according to the Rutherford classification for peripheral arterial occlusive disease. 20 All patients were admitted to our vascular surgical ward of Amphia Hospital, Breda, the Netherlands. Treatment options were discussed in a multidisciplinary consultation between radiologists and vascular surgeons. Patients eligible for surgical treatment were selected based on comorbidity, age, and overall condition. If the patient was too fragile to undergo the planned revascularization procedure, or when revascularization was unlikely to lead to a functional limb, a primary amputation was discussed with the patient and, when desirable, performed.
We excluded patients with a hospital stay shorter than 2 days because it takes at least a full day to identify an incidence of delirium. For this reason, patients receiving endovascular treatment were also excluded, since almost all of these patients had a hospital stay shorter than 2 days.
Multiple possible risk factors for delirium were collected during admission, including preoperative, operative, and postoperative data.
Preoperative factors
Basic patient characteristics of all included patients were collected, including age, sex, and comorbidities. Severity of vascular disease was classified according to the Fontaine classification.
Comorbidities were divided into the following categories: cardiac disease (myocardial infarction, rhythm disorder, valve disorder, cardiomyopathy, and cardiac failure), pulmonary disease (chronic obstructive pulmonary disease and asthma), renal impairment (defined as glomerular filtration rate 60 mL/min/1.73 m 2 ), neurological disorder (cerebrovascular accident, transient ischemic attack, dementia, or Parkinson's disease), and vascular risk factors (hypertension, diabetes mellitus type 1 or 2, and hypercholesteremia).
Other factors related to delirium such as a delirium history and/or visual impairment and daily use of alcohol were extracted from the electronic medical records. A patient was counted as visually impaired if he/she required the use of glasses/contact lenses for daily activities. If no visual aid was needed by the patient, or if it was needed for reading only, no visual impairment was noted. Similar format and rules were applied to hearing impairment. A person was counted as having hearing impairment if he/she needed hearing aids for basic communications. We were able to prospectively collect all available parameters during the study period using a full electronic patient file: Hyperspace Version IU4 (Epic Inc., Verona, WI, USA).
Frailty
Frailty depends on multiple patient-related factors such as functional status, nutritional status, and cognitive status. Physical impairment was scored using the Katz Index of Independence in Activities of Daily Living (Katz-ADL). 
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Delirium in elderly patients with critical limb ischemia score. 22 SNAQ-RC is an adapted and validated version of the more widely used SNAQ score and adds body mass index as a contributory parameter. An SNAQ-RC score of 3 or higher is considered as high risk for undernourishment.
The care dependency (receiving daily care in a nursing home or by home care at home) and living situation (at home or in a nursing home) prior to admission in the hospital were noted. All patients living in a nursing home were care-dependent due to some degree of either cognitive or physical impairment.
Operative data
Pre-and postoperative biochemistry data were collected, including hemoglobulin (Hb) levels. Anemia was defined as a Hb 7.6 mmol/L for women and 8.2 mmol/L for men. 23 Operative data were extracted from the electronic medical records of the anesthesiologists. Duration and type of anesthesia and the American Society of Anesthesiologists (ASA) score were collected. The total number of packed red blood cells transfused during admission was retrieved from the blood transfusion center of our hospital. The type of procedure performed was noted and divided into four categories: minor amputation (amputation below the ankle joint or necrosectomy), major amputation (lower and upper leg amputation), bypass surgery (femoropopliteal, femorocrural, iliofemoral, and aortofemoral bypass), and femoral endarterectomy.
Delirium
The Amphia risk score for delirium was scored at admission. This is a screening tool developed for recognizing patients at risk for the development of a delirium during admission. 1 The screening tool consists of five items that can be rated as absent or present with a maximum of 5 points. A score of 1 or higher was defined as high risk. After identifying frail patients at risk for delirium, primary nurses could consult specialized nurses for help in preventive actions for delirium. These nurses were intensively trained by geriatric medicine specialists. They further assisted the patient's primary nurse on the ward with appropriate nonmedical interventions such as the improvement of patient orientation, mobilization, and fall prevention.
In addition, the Delirium Observation Screening Scale (DOSS) was scored three times a day by trained nurses during regular care for at least the first 48 hours after admission (Supplementary material). 24 Three or more points were considered highly indicative of delirium. All patients were visited on a daily basis by a physician. When delirium was present or suspected, a geriatrician was consulted and the diagnosis was confirmed based on the DSM-IV criteria. 25 When required, the specialized nurse was able to consult the supervising geriatric medicine specialist. Then, a lowdose antipsychotic (Haloperidol ® ) was prescribed based on the judgment of the consulting geriatrician. Duration of the delirium was defined as the total number of days with at least one DOSS score of 3 or more per 24 hours.
Objectives
The primary objective was to identify the possible risk factors for delirium in patients with critical limb ischemia undergoing surgery. The secondary objective was to study the effect of delirium on the following outcomes: the number of complications (medical and surgical adverse events), the length of stay in hospital and intensive care unit, mortality (30 days and 6 months), and the number of patients newly discharged to a nursing home.
Medical adverse events were defined as all complications in the postoperative period not directly related to the procedure performed. We divided medical adverse events into four categories: cardiac (myocardial infarction, cardiac failure, new onset of dysrhythmia), pulmonary (pneumonia, pulmonary embolism, acute respiratory insufficiency), neurological (cerebrovascular accident, transient ischemic attack, neurological deficit), and renal/urinary (urinary tract infection, urinary retention and renal impairment).
The surgical adverse events were defined as complications directly related to the procedure performed, such as wound infection, wound dehiscence, and significant bleeding.
Delirium-related additional costs based on prolonged hospital stay were based on regular costs of admission to the surgical ward (€343 per day).
Statistical analysis
Differences in categorical variables between patients with and without delirium were presented as relative frequencies (percentages) and tested using the chi-square test or Fisher's exact test. Differences of numerical variables (all skewed continuous variables) were presented as medians (interquartile ranges [IQRs] ) and were tested using the Mann-Whitney U-test. The outcome variable (onset of delirium) was analyzed using conditional logistic regression analysis. The conditioning was based on the operation type (four strata). Variables entering the model were selected from the set of candidate variables based on a P-value 0.40 of their univariable relationship with delirium. After having entered all selected variables simultaneously in the conditional logistic regression model, a stepwise procedure was used where at each step the variable with the highest asymptotic P-value 0.40 was eliminated. Thereafter, elimination continued based on the highest exact P-value 0.40 using exact conditional logistic regression in order to avoid to overfitting. A cut-off of 0.40 for the P-value was chosen to avoid estimated regression coefficients being biased high (in absolute sense) and their standard errors being biased low. 26 These finally selected explanatory variables were related to the delirium occurring pre-or postoperatively in the group of delirium patients using a similar exact conditional logistic regression analysis. Effects were presented by means of odds ratios (ORs) with 95% confidence intervals (CIs). The relation between delirium and survival was analyzed using the Kaplan-Meier method and the log-rank test. A P-value of 0.05 was considered statistically significant. Delirium-related additional costs based on prolonged hospital stay were based on the costs of admission to the surgical ward (€343 per day). The impact of delirium on costs was estimated with linear regression analysis with correction for confounders found within this study after multivariable analysis. The univariable analysis and survival analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, Version 21.0 released 2012, Armonk, NY, USA). Multivariable analysis was performed with LogXact, Version 4.1 (Cytel Software Corporation, Cambridge, MA, USA).
Results
Patient selection and characteristics
A total of 92 patients with critical limb ischemia undergoing surgical treatment were included. The study population consisted of 58% men with a median age of 76 years. The baseline characteristics are summarized in Table 1 .
Delirium
A total of 29 (32%) patients developed a delirium during admission ( Table 2) . Of all patients undergoing delirium, 17 (59%) developed a delirium prior to the operation. All these patients continued to have a delirium postoperatively. In twelve patients, delirium occurred postoperatively, with most of them (67%) occurring on the first day. The median duration of delirium was 3 days. Patients who developed a delirium preoperatively had a significantly longer duration of delirium (median 6 days) compared to patients who developed a delirium postoperatively (median 2 days; P=0.02).
Preoperative risk factors and factors on frailty related to delirium Nineteen (66%) patients with delirium were octogenarians (P0.001). The identified factors related to delirium were cardiac comorbidity (P=0.010), delirium in medical history (P=0.010), and visual impairment (P=0.031). The daily use of alcohol (P=0.017) and hypercholesterolemia (P=0.028) were significantly more in the group without delirium (Table 3) .
Univariable analysis identified several factors on frailty associated with delirium, such as physical impairment (P=0.007) and living in a nursing home prior to admission (P0.001). The data are summarized in Table 3 .
Perioperative factors
A major amputation (P=0.003) and preoperative anemia (P=0.031) were significantly more in patients with delirium Note: Data are presented as n and (%), unless otherwise specified. Abbreviation: IQR, interquartile range. 
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Delirium in elderly patients with critical limb ischemia (Table 4) . Bypasses procedures and a longer duration of anesthesia were significantly more in patients without delirium (Table 4) .
Multivariable analysis
All variables of Tables 3 and 4 with a P-value 0.40 in relation to delirium entered simultaneously the conditional logistic regression model. Based on an asymptotic P-value 0.40, the following variables were eliminated from the model during the stepwise backward procedure: renal impairment, physical impairment, ASA score 3, age, cardiac comorbidity, and history of delirium. Continuing the stepwise backward procedure using exact conditional regression analysis, the following variables were additionally eliminated based on an exact P-value 0. Table 5 and stratified by the operation type. The only variable selected for discriminating between pre-and postoperative delirium in the delirium patients with an exact P-value 0.40 was visual impairment, with a nonsignificant 
Secondary outcomes
The onset of delirium during hospital stay was not significantly related to more complications. The median hospital stay of patients with a delirium was 14 days (IQR =11) and was significantly longer compared to 8 days for patients without a delirium (P=0.001) ( Table 6) .
The difference in survival between patients with and without a delirium was tested and illustrated using the Kaplan-Meier method (Figure 1 ). Overall mortality was higher in the delirium group than in the non-delirium group (log-rank test P0.0005). Thirty-four percent of the patients with a delirium died within 6 months after surgery in contrast to 8% in the non-delirium group (P=0.005). There was no difference in new admissions to a nursing home between both groups (Table 6 ).
Occurrence of delirium was related to an increase in hospital stay of 4.4 days after adjustment for identified independent predictors for delirium (visual impairment and diabetes mellitus). The additional delirium-related hospital stay corresponded to an increase of health care costs of €2,195 (95% CI: €595-€3,794) per extra delirium. After correction for confounders (visual impairment and diabetes mellitus), the costs were an extra €1,519 (95% CI: €717-€3,110) per delirium.
Discussion
In this longitudinal observational study, we attempted to find the predictors for the onset of delirium in patients with critical limb ischemia and to explore the impact on the related outcomes. Balasundaram and Holmes reviewed the literature regarding the incidence and etiology of delirium after elective vascular surgery. 12 Incidences rates between 29% and 39% are reported 9, [13] [14] [15] 27 However, only two of these studies reported data concerning patients with critical limb ischemia, with incidences rates of delirium between 42% and 44% after bypass surgery. 9, 15 We reported a 32% incidence rate of delirium in elderly patients with critical limb ischemia with a high mortality rate of 34% after 6 months.
The included potential risk factors for delirium influence each other and are often age-related (ie, visual impairment). The identified risk factors in this study are therefore related to the population studied and affected by the choice of potential confounders. After multivariable analysis, diabetes mellitus and undernourishment were identified as independent risk factors for delirium in this study. Table 6 Length of hospital stay, ICU stay, and mortality in relation to onset of postoperative delirium in patients with critical ischemia
Medical adverse events
No delirium, n=63 (%) Delirium, n=29 (%) P-value 
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Preoperative delirium risk assessment is critical for identification of those patients who would most benefit from delirium prevention and surveillance protocols. Health care providers need to be aware of these identified risk factors for developing delirium. In these patients, timely nonpharmacological delirium prevention strategies should be initiated, with special attention for optimizing nutritional status.
An important finding of our study is that most patients suffering delirium developed it in the preoperative period (59%). This is the first study to report that patients often develop a delirium in the preoperative period. All these patients continued to have a delirium postoperatively despite adequate treatment. For patients developing a delirium in the postoperative period, most developed it on the first postoperative day. This indicates the need for early preventive measures and maybe even standard preoperative consultation of a geriatrician in patients at risk for delirium.
In our study, pre-and postoperative Hb levels were not related with the onset of delirium after exact conditional logistic regression analysis. However, this could be explained by the high overall incidence of anemia in our study population (66%). Despite the fact that anemia could not be related to the onset of delirium in this study, it is still related to higher postoperative complication rates. 28 Therefore, preventive treatment of anemia may lead to a better outcome in operatively treated patients.
Interestingly, we report a lower incidence of delirium after bypass surgery (19%), and bypass surgery was more frequently performed in the group without a delirium. In addition, duration of anesthesia was longer in patients without a delirium. In a study performed by Sasajima et al an incidence of 29% delirium after bypass surgery was reported. 9, 15 This difference could be explained by a certain selection bias. In our study, the indication for surgical (bypass) therapy was discussed in a multidisciplinary consultation based on the patient's condition. Patient's condition and frailty were key factors in deciding whether he/she was eligible for a certain type of operation. Patients in a better condition were more likely to receive a bypass procedure than patients in a poor and frail condition. Patient deemed unfit for surgery (bypass or amputation) or endovascular treatment received a conservative treatment with antibiotics and analgesics or had a primary amputation.
Patients having an endovascular revascularization were excluded in this study. Postoperative delirium may develop secondary to the extent of surgical trauma. Consequently, patients undergoing more invasive surgeries, such as bypass surgery, as well as major amputations may have higher rates of postoperative delirium. As Brosi et al reported, an endovascular first revascularization strategy should be preferred in octogenarians whenever possible because of the high perioperative mortality associated with surgery. 29 Our finding may support this theory, especially for frail elderly who are at risk for delirium.
Sasajima et al identified critical limb ischemia as an independent risk factor for the onset of delirium after bypass surgery. 9, 15 To our knowledge, ours is the only study to report factors related to the onset of delirium in patients with critical limb ischemia receiving surgical treatment. The relation between critical limb ischemia and the onset of delirium is not yet fully known. However, critical limb ischemia is frequently associated with systemic atherosclerosis and its adverse effects on patient outcomes. 18 Besides, systemic atherosclerosis contributes to cognitive decline among elderly patients, and cognitive impairment is a well-known risk factor for the onset of delirium. 30, 31 Pol et al investigated the relation between systemic atherosclerosis and the onset of delirium but could not support this theory. 32 Our study even reported an inverse relation between delirium and hypercholesterolemia. However, in this study, hypercholesterolemia was recorded based on the patient's medical record. This could explain the observed relationship in our study. In addition, the reported daily use of alcohol had an inverse relationship with the onset of delirium. This is in contrast to several other studies in which alcohol 
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van Eijsden et al abuse was a predisposing factor for the onset of delirium. 27 The results on self-reported alcohol consumption in this study may have led to a biased estimate of alcohol use. Possibly, there is an underestimation of self-reported drinking among individuals who drank more heavily. This study brings into question the accuracy of self-report measures, especially since other studies reported that alcohol consumption is an independent risk factor for delirium. 33 Frail patients are more likely to develop a delirium. 14, 34, 35 Patients with critical limb ischemia are often burdened with multiple comorbidities and are caredependent due to physical and cognitive impairment, leading to a frail condition. This was partially confirmed in our study on patients with critical limb ischemia receiving surgery.
Limitations
Most of our data were extracted from electronic medical records. Therefore, some data were missing and could not be obtained otherwise.
Several earlier studies confirmed medication as a risk factor for postoperative delirium, and therefore this should be included in further research. By using DOSS as the screening tool for delirium in hospitalized patients, we might have missed the hypoactive type of delirium. Therefore, our results could be an underestimation of the real incidence of delirium in patients with critical limb ischemia.
Conclusion
Delirium is a common adverse event in patients with critical limb ischemia undergoing surgery, with a devastating outcome in the long term. Most patients developed delirium preoperatively, which indicates the need for early recognition and preventive strategies in the preoperative period. This study identified undernourishment and diabetes mellitus as independent risk factors for delirium.
